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[0005] y^&Wtt^xi-i.fmtft&tezy. vM*mm%i¥mz.Mi&&<Dh*— 

#jb-CW«£7^o7c 0 

[0006] ^oy-r^^K^^^n^foS^^^^^Ti*^V\ U$>b 

^^T^6^b> i±^-mm^^^t^M^ir^(DX\ h&<9M^Xtef&\ — 

n§j-efc6&£>, fcm^j£fti&^t^x*vVTtffcmir%^t&m&vxm 

[0007] ^jb\ ^^(D^ir^^K^^^^bT}*, ^j^Lfi#fF5:^i-3^:u?##fp^:i^ 

<&f?$:m :#f|Fl 704860^^ 
#fF5:^2 : #W2081494^k$8 
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##fF^C^2:^%to N New Diamond Vol.17 No.l (2001) p.6 
^ItfF^Ciita : Koizumi et al. Appl. Phys. Lett. Vol.71, No.8 (1997)p.l065 
##fF:£iifc4:?i£fi&, New Diamond Vol.15 No.4 (1999) p.20 



[0009] 



^^fi-ei0 13 cm~ 3 — 10 14 cm 



[ooio] ±mwm*M#:~rz>tzisb^ ~<D$&m Kxz^^isvnm^mfci-z^ rm&mn 
7b^3oox:^x(Dummm^ioox:^±(Dn&m.mi^^^x^m^<Dmi L mm 



[0011] 



X\ *c^VT 
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m^m^x^vTm^u&m^m^^m^ir^bicx^^^jrm^ 

bx»&z> 0 ^i?^e>, z<Dummmz¥mfcm^m^tkmm^'<D@im 

rmM^mtmb^ ^^x^^n&mm^i-f^^vTm^MM^b^bmb 
(DrnzMM-rzo Mtfcma^ mmy^^vnm^mmz.^^x^ 0^^500 

[0012] Ai^miy^^v^mm-t. ^<thox:^h3oox:^x(Dnmm^ 
xiE(Dnm^ir^bi^^mi^<D^—/vmm^KmKM^xm^(D^m^ 
[0013] ±mmi^^r^h^m^m^^x, mmi^^^h^m^^hv-r 
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[0014] m^.. i&mMvmr&s o°cfr%3oox;&x<Dummt&\Kifc2oox;sx±iz.m<>x 

[0015] *7t, iEfl^t^yK^ft, OX:fab300X;-§iX'(DU&mi&fo<V'J>ts;<t 

^^u^m^^^x5ooQcmt^^^iz.m^^i^^ir^.tKx^, 
[ooi6] ^Mwnf^^y^mm*. ox:^h3oox:^.x(Dnmnm^^^xm^s. 



-3,> 



2_-l 



[0017] ±fB0l^^^K^#frtt, i: 
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^ A#V ^c#>K— WigV 5c3?f <£>#-g\ & 



^^^A^ft^b^fT^-ir^ior, 5n*^th5 x l0 19 c 

[0018] JifEK^-^fciu ^K^P^#«5n^W3:U/\, r.<Dj;5^ -hfBlgl^ 



[0019] *>5V^tt, ±|BK-7"— TcUfiS. ^)fe<i:t>SSr^W"t"57C3tf-C*>o-Ot>«fcv\ r<£>£5 
tel. ±fB^l^>C^^K^ft:tt. h^—ycmbVX^f3:<thS^mir^b^X 



[0020] ±fB&iy>rir^K¥*S#tt, K^— 7C^t*(c, K-*— 5c3tl^O^*fi«J5ci 



[0021] J:flBIBl^f^*J'l«MM£W:, ±IB^M#J7U^i:UTSiSrl x io"cm^±^ 
#bTt)j;v\ z.<D£?i^ ^l^ir^vK^flcW:, ^M^7Giff<bLTSi^l x 10 
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[0022] iffifill^f-^^K^frte, ^Sy^^E-VK-efe5<Z)^W*bV\ ZL<DWi& 
[0023] rcO^PJ^#§^ir^^KnM¥##:^. ±ffiJgl^^^R¥^m-l^bT 

[0024] ^©nwt^s^^^ij:, ±&<D£??mmzmtty4 j r*r>h*nm¥-mm 
Rrtg-efc5„ z.<&m&. ^y?mm&m%i£nz)o 

[0025] *fc. ^<D|i§PJ| fcttSm-^SScWSfrm, iSfcW^fc^i-S^^e^KnM 
[0026] ^<d^pj mas^ir^KnSi^froaiJS^IfeW:, ^-r^vK&Kfc 



WO 2005/053029 8 PCT/JP2004/0 17077 

[oo27] z&irn iz&zy^&b'nm^fc&m&jjmz&i, ^xy^^^mm^m 

[0028] ^OJ;5^A^^^K^— 7C^^^O^M^7n^Sr^A-rs^V>5^, RTfA%b 

*mwmmmwft<Di&%:b\-,xmtc%}&xhz> 0 &%:&.mx^ p-^s^K-t— 5c 
mbvxmmm^—^yx^tcbvxh, ^h<Djmny^^Y(omjm^ 

jus, mummm<tez>z.bh^z.bfr%7!)h mmm^mm^x, m^-n^ 

[0029] nmmfe£ti%bbhKm^\&ffitiZVin&4¥ZtcibKfe, P^S£#*^K— tv 

[0030] ^<d^ik^#5#^»j«:. uT^mmte&wRxfmwmmizxvzbiz 
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[oo3i] ^ ^(D^m<D^h^mm^m^ ^T^pn^^^bpjw^^o 

[0033] miM. -<^^BJ^#^^ir^vKnM^^^ft*^^^^^^^i-if 

miM, ^<d&w ^m^^^^nm^mi^tvxm^ntcmm^-^M^ 
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[B9] w\ z<Dmw {z.mzy^&FtM^mftbvxmmzniz&^i'^Mtt 

[0034] 1, 2--y^^Ynm^MW. 10— ^VW^K&K. 12-^l^i~e^K¥ 
i^S, 14a, 14b"-#2^r^^K¥3MHi. 

[0035] WT, £©S8 W ^#5^^>Kn§J^ft:, ^©JW^SU ^NMftfc^&tfM 
[0036] 111 1 tptf>0i£ (a) tt. -^^PJ {C^S^^^KnSl^frO^lllJfe^OWfiKSr 

: 2 

m~*SffeXhZ> 0 £fc, ^SSlOffi^&te. PSrK^-— 7n*^i~5#^^W:{lll}, s 

<D#^^tt{ioo}-efe§<D^0*uv\ j&*5, {ioo}^_h(^igi:(D*pxg^^j; 

ottt {-{in} m%ft$)&-rz>z.t wot, ffi^/js {in} o^ffis i*nxh & 
[0037] ^fc, miy4^>b^m^mi2it, m^^mftwwmm^^mfemmiz 
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gft#tt^EotBi^t 0 z.<D£?%:nmftm*iz>M.mmm*. 'python** 

<Dm&<DMtvxi-i, m3fcm&titz£?i^ ioo^fb3oo^3reco^^B-e_L 

o 

[0038] ^l^-f^^K^^ei2Sr7^fifei-6^^f*, K^— 5E3tWS^»£K— 

08% WT, <fcW£L<«0. 03%i£JtTT&5„ — fc*«9t^^V^^3&5igia#* 

TO. 003%«fc9t>{£<#£^ ^f^VK<0j£JBM#«<fcBiit?"C, riUi^*JV^ 
T^fflift-e&v>fc£>, *?>Vk&i±o. 003%^_h-efeS<D^W*bV\ 
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fe^WkStv&x&tiZo ^fmmt\.xi^ si&mvx&Qs ^(om^m x io 17 cm -3 

[0040] |gi^ir^K^#m2o^yTaSte, o < c*»e>3oo , c*-c<©iasig«^ 
[0041] ±^<D^i^^j(c#^,^ir^i/KnM¥^i^m^ov^i%Ki-^ 

o 

[0042] tt&imKmtc&zy^&vnm^mftitt* *-*vTm8t<nmM&&&&& 

[0043] ^<^^i^ir^^K^^®i2^v^, mmiy^&F^mfcmtt 
[0044] ox:^b3oox:^x(Du&m^i^±mumm l m^ioox:^i±{zm<>xwtE'r^ 
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[0045] ±mU&m&fo<D^t£<th{»infa<DUl£fc3o\,^X500 Q cm^TO^^L^Sr* 

[oo46] ±mummmz&\^x^vTmm&mzio 16 cm~ 3 M±.x3bzm&. mm^^r 

[0048] R-J— ^^^*^K^~7c^^<D^M^7cm^ALJfc^^i^^^K^ 



[0049] 0 1 (b) z.<D&m iz.&z?^*>h°nm¥mft<D$&2mi&m<Dmf& 
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i4a, i4b<D3rvVTmj£tei%^ nm^ML-xiE<Dmm^^\ ^n-tum^ 

b~f~femX&Z>fa<DfatbfaX&Z> 0 ^X\ ^2^ir^e^K^^Sl4a, 14btf> 

[0050] ^<Dm2mMMfcm%y4^^h*nm¥mfc2xt^ ^i^4^>h^m^mi2 

^^^^l^-Tir^>'K^^12^p^i-^^2^i'^^K^^Sl4a. 14b 

rig^if #ni-5 0 — -c% 0i^-¥^K^^ei2<Ddf-ryTiiS^ta^# 

So 

[0051] ft**, ^(D^2Hife^lI-Cii, ^tf^^Y^UfcM 14a. 14b<^5^^tL/6 i — 

^y4^^¥rm^mw2x\^ mi¥^^h*¥Mfcmi2(Dmffi&m2y^ 

ce^K^^Sl4a, l4h\Z.£oXWotlX^Z>&^ ^I^ir^-^K^^:S12 
<D— ^(Offi(D^^^2^-r-y ; e>'K^ft:a 14aXfiB2^-T^>-K^S^S 14b 

lz£^xmt>tiZMf$.X3b'oX-b£\<\ m^t. Hll^OSM^b) \^£fttdm2 , $m 

£S5£5^2^-^VK^ft:Jil4a, 14b^ft£>;ft-Cl^/^ g^l^i~e 
^K^^#:Sl2(DffiO— g|5(^^^S5J:5^^2y-f^^K^^:Sl4aS.tl ? / 

mi^^^^K^W^i2(7)^<i:t>— §p^M2y-fir ; evK^#^Si4a. 
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[0052] m2&m^x, m2mmm\^^^^vnm^mw2K^x^)T(D 

RXI(b) fi, ^<OitWJ^M-rSHlT^„ HCT (Z)^(a) fcfc, #n^K-^S (B 
-dopeS) tT^K— -7M (undopeS) bi)^M^fvk.b^<D^^— ;0\?X$>Z> 0 

[oo53] m24'ow(b) ^if^yK- •^mbi&mfetfv^—ymttmm 
mmb^xv^% 

[0054] ^frbfcttLrX, |l|2f(7)^(c) fit, rft^^y^K— (^Jx.f^2^J£^J^*5 
^2y^Tir ; e>'K^^#:Sl4a x 14b) ^^g$tl/fc^#^rc^^— ^^^K-efe^o 
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F 

[0055] El 1 <P<Dm*& (a) ROWS (b) ^^n^^$Hfc^lS.^2^^J^# 

Sy^r^KnSJ^gfla, 2t* % {RltvbSCR, GTG\ SIT, IGBTJWMISFET^ 



[0056] *fc, mmy^&vnm^mftu 2^ y^^w, n*m. igytmRvm^ 



[0057] GRflcptji) 



[0058] 2mm^0^^^^ir^>'KlIa{lll}^±(-, K— '<l>'hlf*mA(DMM4k& 

^t^fiStfc. J&ft^te, ^>4ftll(CH /H ) =0. 003%-l. 0 

4 2 



%, 7^7-f>1ft^(PH /CH ) =1, OOOppm— 200, OOOppm. ^17— 200W 

3 4 

— 400W, ^&M^850TC~ 1, OOO'C, ffi^lOOTorrd. 33X 10 4 Pa) £ 



b^co jf^&co /ch =0. 1%— io%^n$tvfco ^t-mco £ch £|rJS£ 
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^^Ar^^^aA^^^^^t^^^/^^^'^^T-fh'fb^tv^o Ti 
[0059] Tfejo. ±m<DMc^llX'itm^(D^^^m^(0^^>h*nm^^M 

matt* \z.ioonu-k<Dum^m k&v ^x&<Dmm&t>^ttb ^ &m&(D*— ;v 
[0060] Acmm^nmvr^—^wm^K^x, nw$m. set*, yris, * 

— ^IftSft^Wtt^tbSo AfW*t^(CH /H =0. 05%, PH 

4 2 

/CH =22, OOOppm) t^LT, (fCfrh500°C<DU&^mX3c J rVT^&, 

3 4 

^^xnmmM^tb. ioox;fab3oox;<Dummmx*^})Tm&(DMmi&ft&& 
[oo6i] Ei7«, ^<Dmw^&%y^^}?nm¥mi£bLxm&£ntcn^> 

[0062] z.(Dm7<Dm^m^x, r* j r})Tm&<Dum.b(Dmmim, Rx$r&— ^mmsDu 
&t<Di®mm\^^xmm~rz> 0 m7L\z-- #±^tyy^(cH /h =o. 05%. 

4 2 

PH /CH =200, OOOppm) (COV^^, 700<C— ZSOTXDUSMMX , ^VT 

3 4 

&Z>Z.bb$:^U 350<C— !OOX:xn^tL^tii0i(DmMRXflE<Dmm&^l'tcb\,^ 
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^#(CH /H =0. 05%— 0. 005%) t:\ ^o^^^^^(Di^V^(PH /C 

4 2 3 

H =200, 000ppm)^7 P /K^oV^ > 0 < C^^b300 < C^O?U^^rt{-100 

4 

4 2 

. 005%— 0. 1%-e, E.0^^^^^^22, 000ppm<D-^^/HC^V>Tt, 

o^/6^3oo^^T^MS^^rt}-ioor^Jn<Dtasf5lsr^!;T^^<D?as^ 
[oo63] o c Cy6^3oo c c*-ecD?M^^rt k ioox:^x±(Dm.^^mx^}} Tmfenum. 

V^o £fc, (CH /H =0. 1%. PH /CH =22, 000ppm)(D1>-:/://M*AC>*H 

4 2 3 4 

ox:^^30or*T^M^^rt^20or^Ji(D^ffl^^!;TmS(Dt^fc:^i- 

[0064] PM^^S£rSIMS{;iJ;i9i!^5^ 200, 000ppmtf>#-g*8 . 5X 10 19 — 1. 1 X 10 
20 {@/cm\22, 000ppm<D#^5. 1 X 10 19 — 8. 3X10 19 i/cm\ 18, OOOppm 
<D^a-}i4. 0X10 19 — 4. 9X10 19 i/cm 3 , 11, 000ppmCD#^l. 9X10 19 — 3 
. 7X10 15 i/cm\ 1, 000ppm<D#^6. lX10 lb — 8. 8 X lO^m/craXfr^fc 

o — sm^mmz^^xhm^zt. -r^x<D^yMzm^x^mmmu(7 

X 10 r6 m/crn)VXrX3b<ot^ 

[0065] ±^(Dy^^>h'nm^m^m^x^T(D^\zm^ivt^mi^m^' 

^TWJti-^o ^ffctfH-te, nmXfroX0X;fab300T:$iX<DUl£m%ZftlZ.l 
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x:^x(Du&m^^2oox:u±(Dummmx^vTmM(Du&^m^Mn 

[0066] Ord^300r*Wm^^rt^lOO < CWJb<Z)MSf5IS-e=3r-¥!JT^^ 

0 07<£> ru^vMeSff jfiBtcr^igPj^^^-rir^^KnM^^tL-cSiit^ttfc 
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[0067] ^fc, ^ffi^^m/J^^^ffM^^c^-rir^^Kfiooj^^^^^o 

[0068] i<Dm«W^T-«. &MXfa£VlOm&ft<Dm%(D®l$:tp>bbVX, 4 

otf>ig&5 { 11 1 m^/h¥®0^^^o5fei^tPtciag$tv7t { l00}/h 

, _hiE {111} ® vr v o < ca^3oo < c £ xmuMfcmft k ioox: U±(DiU.m^. 
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[0070] (Mftffl2) 

~<DMJfcm2x*i^ ±&<DMc&mibmmttmz.io\,^x. p^^s^sm 

4 

^(SiH /CH ) i:UT50ppm^P$tL. T^V—zfm^m^^O^^^Vn 

4 4 

2 

[0071] EI8«, SiSr^X{C io-Cffc^L/c^oy^K— (^-r^^K^ft: 

2 

[0072] EI8<D^^^J6J:5tC x Si^^t^l x 10 l7 m/cm 3 $X±miA-rZ>b, 0X>fa 

faotc<DiZ.MV(m70M) , ^<7>McfcW2X'te, El8^$tVfCct5(-20, 000ppm£A 
T(l38-ete:10, 000ppm.&.U?5, 000ppm)<Dih>-7 P /V-Ct>_h^<D#ti^^^ i bf- 



[0073] ^O^^^P^ol^^/KDtf X\ —^mfi^fD^it^f^-y^M^ SiH 

4 

^^^p^ttfc^^KCH /H =0. 1%, PH /CH =5, 000ppm)£ x Sitf* 

4 2 3 4 

H^^ioT^^tvfc^^/KCH /H =0. 05%, PH /CH =5, OOOppm) 

4 2 3 4 
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H tf*&WM&tltz.y'l''7;V(CH /H =0. 1%, PH /CH =10, OOOppm). 4 

4 4 2 3 4 

mJEjffl|{-^$4a-CV >5o 0t:^^300^C<D?aS^F^-t?100 o CW±(D?a^HT* 
^^yr^^MS^#ti^^^M^o#^(D^^utvMit«)3E^700V^T^i£ 

[0074] SIMS^^OPj^^-^S^oV^Tf*. 7^^>-it^^22, OOOppmO^ 

-£*9. 0X10 19 — 1. 3X10 2 °{@/cm\ 10, OOOppmO^-^?. 3X10 19 — 8. 8X10 
^fli/cm 3 , 5, 000ppmO^-g-ii5. 1 X 10 19 — 6. 5 X 10 19 flS/cm\ 1, OOOppm 
<Dm&9. 1X10 18 — 2. 2X10 19 -f@ / Xcm 3 -efeofc„ 

[0075] m9frbmz>£?t^ si^sio nmw^^titcm^. mstmm^m^m^ 

2 

[0076] 2mm^(D^^^-rir ; e^KlIa{100}^K_h(C N K~ ^Vhtf^A©*^^ 
K^t^^^/^S^-frfCo /&S#M*m> ^^MCCH /H ) =0. 03%-2 

4 2 

. 0%, fiftfbfc^ftfg (H S/H )=20, OOOppm— 2, 000, OOOppnu ^!7— 200 

2 2 

W— 400W, S;KtaK850 t C— 1, OOO'C. JE^lOOTorrU. 33 X 10 4 Pa)-C&5 o 

/U^m(DU&^^lE<Dnm^^ S^te480Qcm.!^T\ 
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^tzrT^<X(D^-^zfMz.id\ ( ^x. 6. 0 X 10 ia <@/cm 3 W_b-Trfcofc 0 ££>^ 

mitmm \zmm £ tbtcm^-ikmrn^ ^*j-l-cl#v ^em^ao ^bfd^m, -r-< 



[0078] si±<D^m<Dnm^h, *&m&m* \z.^mj?^t\-tmh^x^ 0 ^<dx.o 





[0079] Z.<D$&mfe. SCR, GTC\ SIT, IGBTS-t^MISFET^O^^ftr^^- 1 ^, 

•■Sfca 
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[2] m^mmm.^^^^nm^mm^.^ 

fatlfr<DMJ£ te*3V ^500 Q cm£*T<E>*£#t^£r^rt'5o 

mmf&iy^^F^mz, mmox:frtb>3oox:-§ix<Dummmz$o\, ^xmm 

n?Mm&mzi0 16 cmT 3 £L-kX3b% o 
[8] ft *3S6|a«CO^-¥^^Kn^^^^{c:*3V vC* 

[9] fiWt^i— 8©Mti^- JglB^^y^ir^^KnM^^ic^v n-c. 
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[103 mMm9ndm(D^4^^nm^mm^^^x, 

[13] fit jJSKl - 1 2<DfpT^^— 3SfB^O^ir^^KnM¥^^^^<^— 

[14] W^i-i2(^M^^^fd«^Vir^KnM^##:^/>^<^m^WlH5 

[16] ff^lSlB^^^^KnM^^^it^rj&t-^V^. 
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[mi] 
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13] 




( e .oio) if!^r,4"^ 
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[H4J 
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[H5] 




(uJ0 5)*i£3| 



WO 2005/053029 
[El 7] 



7/9 



PCT/JP2004/017077 



(CH,/H 2 ) 
[%] 


(PH 3 /CH 4 ) 
[ppro] 


n M 

mm 






'J T 

21 S 

[CO' 3 ] 


m^xo 

[ Qcn) 


L £ lAfiS 
SEE 
[V] 


0.05 


200000 




jE (700*0 ~350°O 
ft (350 3 C~100 3 C) 


ft (700°C~ 350*0) 
IE(350°C~100°O 


~5x10 16 


100 


400 


0. 03 


200000 


n m 


IE (700^C~350'C) 
ft (350°C~70°O 


ft (700°C~350°C) 
jE (350°C~70°C) 


~Bx 10 ,e 


80 


350 


0.005 


200000 


n m 


IE (7O0'C~ 350=0 
ft (350°C~50°O 


ft (700*0-350*0 
IE (350 C C~50 C C) 


-2x I0 17 


50 


300 


1.0 


22000 


mm 












0.5 


22000 


n m 


IE(700 S C~300 9 C) 
OH 


ft (700°C~300*O 
OH 


— 4 x 10 15 


800 


1100 


0. 1 


22000 


n m. 


IE (7O0°C~3OO'C) 
ft (300°C~180"C) 


ft (700*0 -300*0 
IE (300*C -180°C) 


— 1 x 10 ie 


300 


550 


0. 05 


22000 




lEaOO'C-SOO'O 
ft (300 3 C~ 100 3 C) 


ft (700*0-300*0 
IE (300*0-100*0 


-3x10" 


250 


500 


0. 03 


22000 




IE (700°C~300°O 
ft (300°C~50°C) 


ft (700*0-300*0 
IE(300 o C~50°C) 


~5x10' 6 


200 


400 


0.005 


22000 


n m 


iE(700^C-300 3 C) 
ft <300°C~30°C) 


ft (700*0-300*0) 
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